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® Air gap device for toroidal linear motor. 

@ An apparatus for adjusting air gap in a toroidal 
type linear motor which includes a moving element 
(28) having a cylindrical through opening and a 
stationary element (38) received in the cylindrical 
through opening, and in which the moving element is 
so movable as to maintain a predetermined annular 



air gap between the stationary and moving elements, 
said apparatus comprising a supporting member 
which is fixed to the moving element and which is so 
arranged as to separate from the stationary element 
by a predetermined distance when the predeter- 
mined annular air gap is maintained. 
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The present invention relates to an apparatus 
for adjusting air gap in a toroidal type linear motor 
which drives an elevator and so forth. 

As is well known, a toroidal type linear motor 
comprises a moving element having a cylindrical 
through opening and a stationary element received 
in the moving element. The moving element is so 
movable as to maintain a predetermined annular air 
gap between the stationary and moving elements 
due to magnetic force produced therebetween. 

In typical elevators driven by such a toroidal 
type linear motor, a vertically extending column 
fixed to a building is used as the stationary ele- 
ment, and the moving element incorporated in a 
counterweight is designed to be movable vertically. 
Sheaves are rotatably fixed to the upper portion of 
the building, and guide ropes. One end of each of 
the ropes is connected to the counterweight, and 
the other end thereof is connected to an elevator 
car. While the elevator car moves upwards and 
downwards, substantially even magnetic force usu- 
ally exerts between the column and the moving 
element, so that a predetermined air gap is main- 
tained between the column and the moving ele- 
ment However, when the elevator car is stopped, 
no magnetic force exerts between the column and 
the moving element so that the air gap can not be 
maintained. In addition, when an impact or vibration 
is applied to the column, the air gap can not be 
maintained. Therefore, in some of conventional ele- 
vators driven by a toroidal type linear motor, a 
plurality of rollers are rotatably fixed to the top and 
bottom surfaces of the moving element, and these 
rollers rotate and move on the column so that the 
predetermined air gap is maintained. 

However, in such elevators, noise tends to oc- 
cur due to rotation of the rollers while the elevator 
car moves upwards and downwards. In particular, 
since a plurality of columns are connected to each 
other to form a long column, noise occurs at the 
connecting points therebetween, so that the oc- 
cupants within the elevator car enclosure can not 
obtain comfortableness. 

It is therefore an object of the present invention 
to provide an apparatus for adjusting air gap in a 
toroidal type linear motor, which apparatus can 
maintain a predetermined air gap between a mov- 
ing element and a column and can also decrease 
noise while an elevator car moves upwards and 
downwards. 

In order to accomplish the aforementioned ob- 
ject, the present invention provides an apparatus 
for adjusting air gap in a toroidal type linear motor 
which includes a moving element having a cylin- 
drical through opening and a stationary element 
received in the cylindrical through opening, and in 
which the moving element is so movable as to 
maintain a predetermined annular air gap between 



the stationary and moving elements, the apparatus 
comprising a supporting member which is fixed to 
the moving element and which is so arranged as to 
separate from the stationary element by a pre- 
5 determined distance when the predetermined an- 
nular air gap is maintained. The supporting mem- 
ber may comprise a plurality of rollers which are 
rotatably provided on the top and bottom of the 
moving element, and the rollers may be so ar- 

70 ranged as to be radially in relation to the stationary 
element. The distance between the stationary ele- 
ment and each of the rollers is preferably less than 
the distance between the stationary and moving 
elements. Alternatively, the supporting member 

75 may comprise an annular member fixed to the top 
and bottom surfaces of the moving element. In this 
case, preferably, the annular member has a cylin- 
drical through opening, the inner diameter of which 
is greater than the outer diameter of the stationary 

20 element and is less than the inner diameter of the 
through opening of the moving element 

While even magnetic force exerts between the 
moving and stationary elements, a predetermined 
annular air gap is usually maintained therebetween, 

25 so that the supporting member is not brought into 
contact with the stationary element at all, thereby 
no noise occurs due to contact of the supporting 
member with the moving element. When uneven or 
no magnetic force exerts between the moving and 

30 stationary elements, or when an impact or vibration 
is applied to the stationary element, the supporting 
member comes into contact with the stationary 
element so as to prevent a portion of the air gap 
from decreasing below a predetermined value. 

35 Referring now to the drawings, a preferred em- 

bodiment of the present invention is described be- 
low. 

Fig. 1 schematically illustrates an elevator 
driven by a linear motor. As shown in Fig. 1 , a pair 

40 of supporting shafts 10 are arranged on the upper 
portion of a building and extend in parallel to each 
other at a predetermined distance. Each of the 
supporting shafts 10 is provided with a pair of 
sheaves 12 which are arranged in parallel to each 

45 other and which are rotatably supported on the 
supporting shaft 10. Four ropes 14 are guided by 
these sheaves 12. One end of each of the ropes 14 
is connected to an elevator car 16, and the other 
end thereof is connected to a counterweight unit 

50 18. Therefore, when the elevator car 16 moves 
upwards, the counterweight 18 moves downwards, 
and when the elevator car 16 moves downwards, 
the counterweight moves upwards. 

On both sides of the elevator car 16, a pair of 

55 guide rails 20 fixed to the building extends verti- 
cally in parallel to each other, so that the elevator 
car 16 is guided along the guide rails 20 via sliding 
members 22 or rollers provided on the side walls of 
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the elevator car 16. 

The counterweight 18 comprises a frame 24 
having an essentially rectangular section, and a 
weight 26 supported on the frame 24. As will be 
described hereafter, a moving element 28, a brak- 
ing device 30 and so forth are also supported on 
the frame 24. The total weight of the counterweight 
18 including these parts supported thereon is usu- 
ally set to be 1 .5 times of that of the elevator car 
16. 

On both sides of the counterweight 18, a pair 
of guide rails 32 extends vertically in parallel to 
each other. The top end of the guide rail 32 is fixed 
to the building by means of a top supporting beam 
34, and the bottom end thereof is fixed to the 
building. Sliding members 36 or rollers are pro- 
vided on the side walls of the counterweight 18, so 
that the counterweight 18 is guided along the guide 
rails 32 via the sliding members 36. 

A toroidal type linear motor which serves as a 
driving source of the elevator comprises an alu- 
minum alloy column (stationary element) 38 serv- 
ing as a secondary conductor, and the toroidal 
moving element 28 serving as a primary conductor. 

The column 38 extends vertically. The top end 
of the column 38 is fixed to the top supporting 
channel 34 via a column supporting member 40, 
and the bottom end thereof is fixed to the building 
via a column supporting member 42 and a bottom 
fixing portion 44. 

The moving element 28 has a cylindrical 
through opening which extends in a direction of the 
axis thereof, and which receives the column 38 
therein. As is well known, in toroidal type linear 
motors, a predetermined annular air gap is formed 
between the stationary and moving elements due 
to magnetic force produced therebetween. There- 
fore, as shown in Figs. 2 through 5, the moving 
element 28 is designed to move vertically so as to 
maintain a predetermined air gap Li between the 
outer surface of the column 38 and the inner sur- 
face of the through opening of the moving element 
28. 

When substantially even magnetic force does 
not exert between the column 38 and the moving 
element 28, or when an impact or vibration is 
applied to the column 38, the moving element 28 
may not be parallel to the column 38, so that the 
predetermined air gap can not be maintained. In 
order to maintain the predetermined air gap, four 
rollers 46 are provided on each of the top and 
bottom of the moving element 28. 

According to the first preferred embodiment of 
the present invention, the rollers 46 are rotatably 
supported between a pair of supporting plates 48 
which project from the top and bottom surfaces of 
the moving element 28, and are so arranged as to 
separate from the column 38 by a predetermined 



distance L2. Therefore, when a portion of the air 
gap between the moving element 28 and the col- 
umn 38 is decreased, the rollers 46 come into 
contact with the column 38 so as to prevent the air 

5 gap from becoming less than the distance L2. In 
addition, since the rollers 46 are separated from 
the column 38 by the predetermined distance L 2 
when even magnetic force exerts between the 
moving element 28 and the column 38, it is possi- 

10 ble to decrease noise produced by rotation of the 
roller 46, compared with conventional apparatus in 
which the roller 46 is always brought into contact 
with the column 38. 

Figs. 4 and 5 illustrate a second preferred 

75 embodiment of an apparatus for adjusting air gap 
in a toroidal linear motor, according to the present 
invention. In this embodiment, an annular member 
50 is substituted for the rollers 46. In this case, the 
inner diameter of the through opening 50a of the 

20 annular member 50 is greater than the outer diam- 
eter of the column 38, and is less than the inner 
diameter of the through opening 28a of the moving 
element 28. 

As set forth above, according to the present 

25 invention, since the rollers fixed to the moving 
element are so arranged as to separate from the 
column by a predetermined distance when a pre- 
determined annular air gap is maintained between 
the moving element and the column, the rollers do 

30 not always rotate and move on the column while 
the elevator car moves upwards and downwards. 
Therefore, it is possible to prevent noise produced 
by rotation of the rollers from occuring, and to 
prevent the air gap from decreasing below a pre- 

35 determined value. In addition, in cases where the 
annular member is substituted for the rollers, the 
inner diameter of the through opening of the an- 
nular member is greater than the outer diameter of 
the column and is less than inner diameter of the 

40 through opening of the moving element. Therefore, 
the annular member does not come into contact 
with the column at all while even magnetic force 
exerts between the moving element and the col- 
umn. Accordingly, it is possible to prevent noise 

45 from occuring, and prevent the air gap from de- 
creasing below a predetermined value. 

Fig. 1 is a schematic view of an elevator 
driven by a linear motor, according to the present 
invention; 

50 Fig. 2 is a view illustrating a first preferred 

embodiment of an apparatus for adjusting air gap 
in the linear motor used for the elevator of Fig. 1 ; 

Fig. 3 is a sectional view taken along the line 
Ill-Ill of Fig. 2; 

55 Fig. 4 is a second preferred embodiment of 

an apparatus for adjusting air gap in the linear 
motor used for the elevator of Fig, 1 ; and 

Fig. 5 is a sectional view taken along the line 
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V-V of Fig. 4. 
Claims 

5 

1. An apparatus for adjusting air gap in a 
toroidal type linear motor which includes a moving 
element having a cylindrical through opening and a 
stationary element received in the cylindrical 
through opening, and in which the moving element w 
is so movable as to maintain a predetermined 
annular air gap between the stationary and moving 
elements, said apparatus comprising a supporting 
member which is fixed to the moving element and 
which is so arranged as to separate from the sta- 75 
tionary element by a predetermined distance when 

the predetermined annular air gap is maintained. 

2. An apparatus as set forth in claim 1 , wherein 
said supporting member comprises a plurality of 
rollers which are rotatably provided on the top and 20 
bottom of the moving element, and said rollers are 

so arranged as to be radially in relation to the 
stationary element. 

3. An apparatus as set forth in claim 2. wherein 

the distance between the stationary element and 25 
each of the rollers is less than the distance be- 
tween the stationary and moving elements. 

4. An apparatus as set forth in claim 1 , wherein 
said supporting member comprises an annular 
member fixed to the top and bottom surfaces of 30 
the moving element, and said annular member has 

a cylindrical through opening, the inner diameter of 
which is greater than the outer diameter of the 
stationary element and is less than the inner diam- 
eter of the through opening of the moving element. 35 
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